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PROTECTIVE CIRCUIT BOARD AND 
OVERCURRENT PROTECTION DEVICE 

THEREOF 

BACKGROUND OF THE INVENTION 

[0001] (A) Field of the Invention 
[0002] The present invention relates to a protective circuit 
board and the over-current protection device thereof. 
[0003] (B) Description of the RelatedArt 
[0004] Because the resistance of conductive materials hav 
ing a positive temperature coef?cient (PTC) characteristic is 
very sensitive to temperature variation, such materials can be 
used for current sensing devices, and have been Widely 
applied to over-current protection devices or circuit devices. 
The resistance of PTC conductive material remains extremely 
loW at normal temperature, so that the circuit or cell can 
operate normally. However, When an over-current or an over 
temperature event occurs in the circuit or cell, the resistance 
Will instantaneously increase to a high resistance state (eg at 
least above 104 ohms), Which is the so-called trip. Therefore, 
the over-current Will be eliminated so as to protect the cell or 
the circuit device. 
[0005] US. Pat. No. 6,713,210 disclosed a circuit board 
With over-current protection function. As shoWn in FIG. 1, an 
IC device 2 is placed on a protective circuit module (PCM) 1, 
and a PTC device 3 is surface-mounted on the PCM 1. The 
PTC device 3 is a stack structure in Which a PTC material 
layer 6 is laminated betWeen nickel foils (or copper foils 
electroplated With nickel) 7 and 7'. The nickel foils 7 and 7' 
serve as electrodes for the PTC material layer 6.A nickel plate 
4 serving as an external electrode is secured on the upper 
surface of the nickel foil 7, and a copper electrode 5 is sol 
dered to the loWer surface of the nickel foil 7' that is adjacent 
to the surface of the PCM 1. The nickel plate 4 and the copper 
plate 5 are symmetrical With reference to the PTC device 3. 
[0006] In consideration of high voltage and high current in 
spot-Welding, the PTC device 3 cannot be subjected to spot 
Welding directly, and needs to be ?rst combined With a nickel 
plate 4 of a thickness preferably greater than 0.3 mm, so as to 
avoid damage to the nickel foils 7 and 7' of the PTC device 3 
While spot-Welding. HoWever, the nickel plate 4 is usually 
attached to the PTC device 3 manually, Which is detrimental 
to mass production and cost reduction. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a protective circuit 
board and an over-current protection device, Which can be 
applied to a PCM for a battery. The over-current protection 
device can be combined With the PCM or an external elec 
trode plate by spot-Welding, so as to facilitate mass produc 
tion and therefore signi?cantly reduce manufacturing time 
and cost. 

[0008] The over-current protection device of the present 
invention can be used for over-current protection for a PCM. 
The over-current protection device comprises a PTC device, 
at least one insulation layer, at least one electrode layer and at 
least one conductive channel. The PTC device comprises a 
PTC material layer and tWo metal electrode foils on the upper 
and loWer surfaces of the PTC material layer. The insulation 
layer is placed on a surface of the PTC device, and the elec 
trode layer is formed on the insulation layer afterwards. As a 
result, the insulation layer is betWeen the electrode layer and 
the PTC device. The electrode layer serves as a surface of the 
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over-current protection device. The PTC device, the insula 
tion layers and the electrode layers form a stack structure. The 
conductive channel electrically connects the PTC device and 
the electrode layer. In an embodiment, the conductive channel 
is a blind hole penetrating through the electrode layer and the 
insulation layer and ending at the surface of the PTC device, 
and the surface of the blind hole is coated With a conductive 
layer for electrically connecting the PTC device and the elec 
trode layer. 
[0009] The over-current protection device of the present 
invention can be subjected to spot-Welding directly, so that it 
is not necessary to manually attach an electrode plate to the 
PTC device as required in the prior art, Which makes the 
present invention more suitable for mass production. There 
fore, the process can be simpli?ed, the manufacture ef?ciency 
can be increased, and the over-current protection device is 
very ?exible for subsequent manufacturing process. 
[0010] A knoWn Surface Mount Device (SMD) has tWo 
electrode terminals on the same plane, and an insulation layer 
separates the tWo electrode terminals on left and right sides. 
Therefore, the tWo electrode terminals can be secured on a 
printed circuit board by soldering re?oW. The design of the 
over-current protection device of the present invention is 
different from that of the knoWn device of SMD type, and the 
tWo electrode terminals of the device of the present invention 
are on the upper and loWer surfaces of the device. Because the 
tWo electrode terminals are not on the same plane, the loWer 
electrode terminal can be soldered to the PCM board but the 
upper electrode terminal cannot be soldered to the PCM 
board at the same time. The upper electrode terminal is on top 
of the device; therefore the upper electrode terminal can be 
connected to the other metal electrode plate by spot-Welding. 
[0011] Moreover, the over-current protection device can be 
secured to a surface of a PCM to form a protective circuit 
board With over-current protection function, Which is very 
useful for manufacturing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 illustrates a knoWn application of an over 
current protection device to PCM; 
[0013] FIG. 2 illustrates an over-current protection device 
in accordance With an embodiment of the present invention; 
[0014] FIG. 3 illustrates an over-current protection device 
in accordance With another embodiment of the present inven 
tion; 
[0015] FIG. 4 illustrates an embodiment of an over-current 
protection device applied to a PCM in accordance With the 
present invention; and 
[0016] FIG. 5 is a top vieW of FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] FIG. 2 illustrates an over-current protection device 
in accordance With an embodiment of the present invention. 
An over-current protection device 20 comprises a PTC device 
21, insulation layers 22 and electrode layers 23. The PTC 
device 21 is a stack structure in Which a PTC material layer 
212 is laminated betWeen metal electrode foils 211 and 213. 
The thickness of the metal electrode foil 211 or 213 is 
betWeen 0.025 and 0.5 mm. The PTC material layer 212 
comprises a crystalline polymer material mixed With conduc 
tive ?llers. The insulation layers 22 and the electrode layers 
23 are disposed on tWo sides of the PTC device 21. The 
insulation layers 22 are disposed on the surfaces of the PTC 
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device 21, and electrode layers 23 are disposed on insulation 
layers 22. The thickness of the electrode layer 23 is betWeen 
0.025 and 0.5 mm. 

[0018] When the PTC device 21, the insulation layers 22 
and electrode layers 23 are combined, blind holes 24 penetrat 
ing through the electrode layers 23 and the insulation layers 
22, and ending at the surface of the metal electrode foils 211 
and 213 of the PTC device 21, are formed by laser drilling or 
mechanical drilling. The surfaces of the blind holes 24 are 
conductive layers 25 formed by, for example, electroplating, 
so as to create a conductive channel electrically connecting 
the PTC device 21 and the electrode layers 23. 

[0019] The insulation layers 22 can be composed of 
polypropylene (PP), glass ?ber (e.g., PR4), or epoxy. In order 
to increase heat conductivity, the insulation layers 22 can also 
include heat conductive ?llers, e.g., aluminum oxide (A1203), 
boron nitride (BN) or aluminum nitride (AlN). Accordingly, 
the PTC device 21 can sense temperature more sensitively. 
Preferably, the heat conductivity coef?cient of the insulation 
layer 22 is greater than 1 W/m-K. The surfaces of the elec 
trode layers 23 can be subjected to chemical gold treatment 
(NiiAu), so as to facilitate the subsequent tin paste (solder) 
attachment or spot-Welding. 

[0020] FIG. 3 illustrates an over-current protection device 
30 in accordance another embodiment of the present inven 
tion. In comparison With FIG. 2, the insulation layer 22 and 
the electrode layer 23 are formed on one side of the PTC 
device 21 only. 
[0021] FIG. 4 illustrates an embodiment of an over-current 
protection device applied to a PCM in accordance With the 
present invention, and FIG. 5 is the top vieW of the over 
current protection device and the PCM shoWn in FIG 4.A side 
of the over-current protection device 20 of FIG. 2 can be 
secured on a surface of a PCM 40 including electronic devices 
44 by spot-Welding or surface mount technology, and another 
side of the over-current protection device 20 is spot-Welded 
on an electrode plate 42 serving as an external electrode. The 
surface of the PCM 40 is soldered With another electrode plate 
43 as another external electrode. Accordingly, a protective 
circuit board 50 With over-current protection function is 
formed. The electrode plates 42 and 43 can be connected to an 
electrical poWer source, and electrically connected to the 
upper and loWer electrode layers 23, respectively, Which are 
on tWo sides of the PTC device 21, so as to form a loop. 

[0022] Because high voltage and high current are required 
for spot-Welding, the above-mentioned traditional PTC 
device needs to be equipped With thick electrode plates. The 
over-current protection device of the present invention has 
insulation layers betWeen the PTC device and the electrode 
layers, so that the electrode layers can be subjected to spot 
Welding directly Without causing damage to the PTC device. 
In an embodiment, the thickness of the external electrode is 
only 0.127 mm ifit is a nickel plate, and is around 0.035 mm 
in the case of a copper plate. 

[0023] Because both sides of the PTC device of the over 
current protection device 20 of FIG. 2 are equipped With 
insulation layers, the tWo sides can be in connection With the 
PCM and the external electrode. In practice, manufacture 
becomes more ?exible in accordance With the present inven 
tion. For example, surface mount technology can also be used 
for attachment, and the over-current protection device 20 or 
30 can be subjected to spot-Welding directly, or attached to an 
electrode plate before spot-Welding. 
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[0024] Because the PTC device of the over-current protec 
tion device 30 of FIG. 3 has only one side With an insulation 
layer, the side Without the insulation layer or electrode layer 
can be surface-mounted to the PCM, and another side can be 
attached to the external electrode plate by spot-Welding. The 
upper and loWer metal electrodes of the over-current protec 
tion device 30 can be connected to positive and negative 
terminals of a electrical poWer source, respectively, to form a 
circuitry, i.e., one terminal of the poWer source is electrically 
connected to the upper electrode layer 23 and the other ter 
minal is electrically connected to the loWer metal electrode 
foil 213 of the device 30; thereby the over-current protection 
device 30 is connected in series in the circuitry. 
[0025] If a traditional PTC device is going to be combined 
With a metal electrode plate, e.g., a nickel plate, the method of 
tin-paste soldering re?oW Will be used because spot-Welding 
cannot be used directly. HoWever, the temperature of re?oW is 
greater than 230° C., resulting in a signi?cant increase in the 
resistance of the PTC device, and resistance recovery of the 
PTC device Will be impacted. Due to the protection from the 
insulation layer, the over-current protection device of the 
present invention can be connected to the nickel lead via 
spot-Welding process and the PTC material layer Will not be 
subjected to high temperatures. Accordingly, the resistance of 
the PTC device Will not increase signi?cantly and can remain 
stable. Therefore, in accordance With the present invention, 
the PTC device can be combined With metal electrode plates 
by spot-Welding, so that the resistance and recovery of the 
PTC device Will not be impacted. 
[0026] Moreover, in cases Where the PTC device is secured 
to a PCM board, the PTC device usually undergoes soldering 
re?oW process. Because the high temperature of the soldering 
re?oW process Will trip the PTC device, the resistance recov 
ery is an important index to verify Whether the PTC device is 
quali?ed. In an embodiment, thirty traditional over-current 
protection devices and thirty over-current protection devices 
of the present invention are selected and subjected to electri 
cal testing. They are subjected to soldering re?oW at 2500 C., 
and their resistances are measured after recovery from the 
trip. The ratio Rjump of the ?nal resistance after recovery to the 
initial resistance (R?nal/Rmmal) for a traditional over-current 
protection device is 2.42, Whereas Rjump of the over-current 
protection device of the present invention is 2.18. It is obvious 
that the over-current protection device of the present inven 
tion has better performance on resistance recovery after trip. 
[0027] The above-described embodiments of the present 
invention are intended to be illustrative only. Numerous alter 
native embodiments may be devised by those skilled in the art 
Without departing from the scope of the folloWing claims. 

What is claimed is: 
1. An over-current protection device, comprising: 
a positive temperature coe?icient (PTC) device, compris 

ing a PTC material layer and tWo metal electrode foils on 
an upper surface and a loWer surface of the PTC material 
layer; 

at least one insulation layer placed on a surface of the PTC 

device; 
at least one electrode layer placed on a surface of the 

insulation layer, the insulation layer being betWeen the 
electrode layer and the PTC device and serving as a 
surface of the over-current protection device; and 

at least one conductive channel electrically connecting the 
PTC device and the electrode layer and comprising: 
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at least one blind hole penetrating through the electrode 
layer and the insulation layer and ending at a surface 
of the PTC device; and 

at least one conductive layer on a surface of the blind 
hole and being con?gured to electrically connect the 
PTC device and the electrode layer; 

Wherein the PTC device, the insulation layer and the elec 
trode layer form a stack structure. 

2. The over-current protection device of claim 1, Wherein 
the blind hole is formed by laser drilling. 

3. The over-current protection device of claim 1, Wherein 
both upper and loWer surfaces of the PTC device are stacked 
With the insulation layers and the electrode layers. 

4. The over-current protection device of claim 1, being 
secured to a surface of a protective circuit module (PCM). 

5. The over-current protection device of claim 1, Wherein 
the electrode layer has a thickness betWeen 0.025 and 0.5 mm. 

6. The over-current protection device of claim 1, Wherein 
the electrode layer is attached to an external electrode plate by 
spot-Welding. 

7. The over-current protection device of claim 1, Wherein 
the PTC material layer comprises a crystalline polymer mate 
rial mixed With conductive ?llers. 

8. The over-current protection device of claim 1, Wherein 
the metal electrode foil has a thickness betWeen 0.025 and 0.5 
mm. 
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9. The over-current protection device of claim 1, Wherein 
the insulation layer is made of polypropylene, glass ?ber or 
epoxy. 

10. The over-current protection device of claim 1, Wherein 
the insulation layer has a heat conductivity coe?icient greater 
than 1 W/m-K. 

11. The over-current protection device of claim 1, Wherein 
the insulation layer comprises heat conductive ?llers. 

12. The over-current protection device of claim 11, 
Wherein the heat conductive ?llers are selected from the 
group consisting of aluminum oxide,. boron nitride or alumi 
num nitride. 

13. A protective circuit board, comprising: 
a protective circuit module (PCM); and 
the over-current protection device of claim 1 being placed 

on a surface of the PCM. 
14. The protective circuit board of claim 13, Wherein the 

electrode layer of the over-current protection device has a 
thickness betWeen 0.025 and 0.5 mm. 

15. The protective circuit board of claim 13, further com 
prising an electrode plate spot-Welded on a surface of the 
electrode layer of the over-current protection device. 

16. The protective circuit board of claim 13, Wherein the 
insulation layer of the over-current protection device is made 
of polypropylene, glass ?ber or epoxy. 

* * * * * 


